We analyze the rare semileptonic B s → (η, η ′ )l + l − , (l = e, µ, τ ) and B s → (η, η ′ )νν transitions probing thess content of the η and η ′ mesons via three-point QCD sum rules. We calculate responsible form factors for these transitions in full theory. Using the obtained form factors, we also estimate the related branching fractions and longitudinal lepton polarization asymmetries.
I. INTRODUCTION
Among B mesons, the B s has been received special attention, since experimentally it is expected that an abundant number of B s will be produced at LHCb. This will provide possibility to study properties of the this meson and its various decay channels. The first evidence for B s production at the Υ(5S) peak was found by the CLEO collaboration [1, 2] . Recently, the Belle Collaboration measured the branching ratios of the B s → J/ψφ transition as well as the B s → J/ψη decay via the η → γγ and η → π + π 0 π − channels to reconstruct the η meson [3] .
Semileptonic decays of the B s to the η and η ′ , induced by the rare flavor changing neutral current (FCNC) transition of b → sl + l − and b → sνν are crucial framework to restrict the SM parameters. They can provide possibility to extract the elements of the CabbiboKobayashi-Maskawa (CKM) matrix and search for origin of the CP and T violations. As these transitions occur at the lowest order through one-loop penguin diagrams, they are good context to search for new physics effects beyond the SM. Looking for supersymmetric particles [4] , light dark matter [5] and fourth generation of quarks is possible via these transitions. These transitions are also useful to study structures of the η and η ′ mesons.
In the present work, we analyze the semileptonic B s → (η, η ′ )l + l − /νν decays considering also thess content of the η and η ′ mesons in the framework of the three point QCD sum rules. Here, we consider also the mixing between the η and η ′ states with a single mixing angle [6, 7] as: |η = cos ϕ|η q − sin ϕ|η s |η ′ = sin ϕ|η q + cos ϕ|η s .
where, in the quark favor (QF) basis (for more details see for instance [8, 9] ),
The decay constants ofqq andss parts are defined in terms of the pion decay constant as [6] :
f q = (1.02 ± 0.02)f π , f s = (1.34 ± 0.06)f π .
We will use the mixing angle ϕ = (41.5 ± 0.3 stat ± 0.7 syst ± 0.6 th )
• [10] , which has recently been obtained by the KLOE Collaboration in QF basis via measuring the ratio Γ(φ → η ′ γ) Γ(φ → ηγ) .
In the QF basis with the single mixing angle, the form factors of B s → η(η ′ ) transitions are defined in terms of the form factors B s → η s as:
and their branching fractions are also related to the branching ratio of B s → η s as follows:
The paper is organized as follows: sum rules for form factors responsible for considered transitions are obtained in Section II. Section III is devoted to the numerical analysis of the form factors, branching ratios and longitudinal lepton polarization asymmetries as well as our discussions. In this section, we also compare the obtained results with the existing predictions of the other non-perturbative approaches.
II. QCD SUM RULES FOR TRANSITION FORM FACTORS
As we previously mentioned, to calculate the form factors responsible for the rare semilep- 
where p and p ′ are initial and final momentums, respectively, J Bs (x) =s(x)γ 5 b(x) and 
where G F is the Fermi constant, α is the fine structure constant at Z mass scale, and V ij are elements of the CKM matrix. For νν case, only the term containing C 10 is considered.
It should be mentioned that because of the parity conservations, the axial vector and pseudotensor currents do not contribute to the pseudoscalar-pseudoscalar hadronic matrix element, i.e.,
where, P stands for η(η ′ ) meson.
From the general aspect of the QCD sum rules, we calculate the aforementioned correlation function in two different ways. First, in the hadronic representation, it is calculated in time-like region in terms of hadronic parameters called phenomenological or physical side.
Second, it is calculated in space-like region in terms of QCD degrees of freedom called the QCD or theoretical side. The sum rules for the form factors can be obtained equating the coefficient of the selected structures from these two representations of the same correlation function through dispersion relation and applying double Borel transformation with respect to the momentums of the initial and final states to suppress the contributions coming from the higher states and continuum.
In order to obtain the phenomenological representation of the correlation function given in Eq. (6), two complete sets of intermediate states with the same quantum numbers as the interpolating currents J ηs and J Bs are inserted to sufficient places. As a result of this procedure, we obtain,
where · · · represents the contributions coming from the higher states and continuum. The following matrix elements 0|J Bs |P and 0|J s 5 |P are defined in terms of the leptonic decay constant and four parameters h s P as:
where correlating the h are obtained (for details see [6] ). From Lorentz invariance and parity considerations, the remaining matrix element, i.e., transition matrix element in Eq. (9) is parameterized in terms of form factors in the following way:
where, f + (q 2 ), f − (q 2 ) and f T (q 2 ) are the transition form factors, which only depend on the momentum transfer squared q 2 ,
Using Eqs. (10) and (11) in Eq. (9), we obtain
For extracting the sum rules for form factors f + (q 2 ) and f − (q 2 ), we choose the coefficients of the structures P µ and q µ from Π V µ (p 2 , p ′2 , q 2 ), respectively and the structure q µ from
2 ) is considered to calculate the form factor f T (q 2 ). Therefore, the correlation functions are written in terms of the selected structures as:
Now, we focus our attention to calculate the to calculate the QCD side of the correlation function. This side is calculated at deep Euclidean space, where −p 2 → ∞ and −p ′ 2 → ∞ via operator product expansion (OPE). For this aim, we write each Π i function (coefficient of each structure) in terms of the perturbative and non-perturbative parts as:
where i stands for +, − and T . The perturbative part is written in terms of double dispersion integral as:
where, the ρ
2 ) are called spectral densities. To get the spectral densities, we need to evaluate the bare loop diagrams in Fig. (
1). Calculating these diagrams via the usual
Feynman integrals with the help of the Cutkosky rules, i.e.
implies that all quarks are real, leads to the following spectral densities:
where
and N c = 3 is the color factor. Fig .(2) . Therefore, only diagrams (g) and (h) contribute to the non-perturbative part of dimension 5. In QCD sum rule approach, the OPE is truncated at some finite order such that Borel transformations play an important role in this cutting. Mainly, the proper regions of the Borel parameters are adopted by demanding that in the truncated OPE, the condensate term with the highest dimension constitutes a small fraction of the total dispersion integral. In the next section, we will explain how these proper regions are obtained. Hence, we will not consider the condensates with d ≥ 6 that play a minor role in our calculations. ; ;
The explicit expressions of Π non−per i
, are given in the Appendix-A.
The next step is to apply the double Borel transformations with respect to the
2 ) on the phenomenological as well as the perturbative and nonperturbative parts of the QCD side and equate the two representations. As a result, the following sum rules for the form factors are derived:
where, f
are the continuum thresholds in initial and final channels, respectively and s L is the lower limit of the integral over s. It is obtained as:
Also the operatorB in Eq. (18) is defined as:
where, M 2 1 and M 2 2 are Borel mass parameters. It should be also noted that to subtract the contributions of the higher states and the continuum the quark-hadron duality assumption is also used,
III. NUMERICAL ANALYSIS
We are now ready to present our numerical analysis of the form factors f + (q 2 ), f − (q 2 ) and f T (q 2 ) and calculate branching fractions and longitudinal lepton polarization asymmetries.
In [14] . We use also the range, (m P +0.3) , our numerical analysis shows that the contribution of the non-perturbative part to the QCD side is about 21% of the total and the main contribution comes from the perturbative part. Now, we proceed to present the q 2 dependency of the form factors. Since the form factors f ± (q 2 ) and f T (q 2 ) are calculated in the space-like (q 2 < 0) region, we should analytically continue them to the time-like (q 2 > 0) or physical region. Hence, we should change q 2 to −q 2 . As we previously mentioned, the form factors are truncated at approximately, 1 GeV below the perturbative cut. Therefore, to extend our results to the full physical region, we look for parametrization of the form factors in such a way that in the reliable region the results of the parametrization coincide with the sum rules predictions. Our numerical calculations show that the sufficient parametrization of the form factors with respect to q 2 is:
Bs . The values of the parameters f i (0), α and β are given in the from the fit function are given in Figs. (6) and (7) for the P = η and P = η Table I and also Eq. (4). Now, we would like to evaluate the branching ratios for the considered decays. Using the parametrization of these transitions in terms of the form factors, we get [15] :
where A = sin 2 ϕ for B s → η and A = cos 2 ϕ for B s → η ′ transitions. Ther,ŝ,l, x t and m b and the functions v, φ(1,r,ŝ), D ν (x t ), α 1 and β 1 are defined as:
Integrating Eq. (23) over q 2 in the whole physical region and using the total mean lifetime τ Bs = (1.466 ± 0.059) ps [11] , the branching ratios of the B s → (η, η ′ )l + l − /νν are obtained as presented in Table III . In this short distance (SD) effects contributing to the Wilson coefficient C eff 9 for charged lepton case. The effective Wilson coefficient C eff 9 including both the SD and long distance (LD) effects is [12] :
The LD effect contributions are due to the J/ψ family. The explicit expressions of the Y SD (s) and Y LD (s) can be found in [12] (see also [17] ). Table III also includes a comparison between our results and predictions of the other approaches including the LFQM, CQM and other methods [9] . Note that, the results presented as [9] are not the results directly obtained by analysis of the B s → η(η ′ ), but they have been found relating the form factors of B s → η s to the form factors of B → K using the quark flavor scheme (see [9] ). Hence, the comparison of our results with the predictions of [9] is an approximate and for the exact comparison, the form factors should be directly available. In this Table, the set A refers to the values computed using short-distance QCD sum rules, set B shows the results obtained by light-cone QCD sum rules and set C corresponds to the results calculated via light-cone QCD sum rules within the Soft Collinear Effective Theory (SCET). From Table III , we see a good consistency in order of magnitude between our results and predictions of the other non-perturbative approaches. Here, we should also stress that the results obtained for the electron are very close to the results of the muon and for this reason, we only present the branching ratios for muon in our Tables.
In this part, we would like to present the branching ratios including LD effects. We introduce some cuts around the resonances of J/ψ and ψ ′ and study the following three regions for muon:
and for tau:
where q 2 min = 2m l . In Tables IV and V , we present the branching ratios for muon and tau obtained using the regions shown in Eqs. (26) and (27), respectively. The errors presented in Tables III, IV Finally, we want to calculate the longitudinal lepton polarization asymmetry for considered decays. It is given as [15] : 
